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et	al.,	 2013;	Sundblad	et	al.,	 2014).	Policymakers	need	 to	know	 the	
costs	 and	 benefits	 of	 conserving	 ecosystem	 goods	 and	 services	 to	
manage	 them	 sustainably.	 Moreover,	 according	 to	 an	 ecosystem-	








et	al.,	 2007;	 Knowler,	 2002;	 Mullon	 et	al.,	 2009;	 Österblom	 et	al.,	
2013;	 Prellezo	 et	al.,	 2012;	 Punt	 et	al.,	 2011).	 These	models	 incor-
porate	 and	 integrate	 natural	 and	 human	 processes	 that	 have	 been	
the	 focus	of	various	disciplines	 such	 as	oceanography,	 fish	 ecology,	
fisheries	economics,	anthropology	and	sociology	 (Dichmont,	Pascoe,	
Kompas,	Punt,	&	Deng,	2010;	Heal	&	Schlenker,	2008;	Mullon,	2013;	



















and	 discussed	 extensively	 (Branch	 et	al.,	 2010;	 Garcia	 &	 Cochrane,	
2005;	 Gascuel	 et	al.,	 2016;	 Hill	 et	al.,	 2007;	 Howarth,	 Roberts,	
Thurstan,	 &	 Stewart,	 2013;	 Marasco	 et	al.,	 2007;	 Murawski	 et	al.,	
2010;	 Neubauer,	 Jensen,	 Hutchhings,	 &	 Baum,	 2013;	 Österblom,	
Jouffray,	Spijkers,	2016;	Pauly	et	al.,	2013;	Plagányi	and	Butterworth	
2004;	Rose	 et	al.,	 2010).	 Comprehensive	 reviews	 of	 ecosystem	 and	
biological	 models	 have	 been	 conducted	 addressing	 this	 complex-
ity	 and	 feedback	 processes	 (e.g.	 Hyder	 et	al.,	 2015;	 Piroddi	 et	al.,	
2015;	Plagányi	 et	al.,	 2014;	Rose	et	al.,	 2010;	Tedesco	et	al.,	 2016).	
Holistic	 (“end-	to-	end”)	models	 have	been	developed	during	 the	 last	
decade	 including	 management	 and	 socio-	economic	 modules	 to	 si-
mulate	ecosystem	complexity	from	diverse	perspectives	(Christensen,	
Steenbeek,	 &	 Failler,	 2011;	 Fulton,	 Smith,	 Smith,	 &	 Johnson,	 2014;	
Fulton	 et	al.,	 2011;	Girardin	 et	al.,	 2016;	Kaplan	 et	al.,	 2012,	 2014)	












tors	 and	 their	 markets	 are	 considered	 which	 increases	 complexity	
and	accordingly	 limits	model	 implementation	(e.g.	Hicks	et	al.,	2016;	
Österblom	et	al.,	2016).
While	 a	 variety	 of	 fisheries	 IEEFMs,	 often	 referred	 to	 as	 bio-	
economic	 models,	 have	 been	 developed	 in	 the	 past,	 only	 a	 small	
number	 of	 reviews	 comparing	 their	 capabilities	 and	 implementation	
in	 practice	 have	 been	 published.	 For	 example,	 Conrad	 (1995)	 and	
Knowler	(2002)	review	models	in	which	environmental	influences	are	
interlinked	with	economic	aspects.	A	general	 introduction	and	over-
view	 of	 bio-	economic	models	 can	 be	 found	 already	 in	 Seijo,	 Defeo,	
and	Salas	(1998),	but	applications	to	specific	empirical	cases	remain	li- 
mited.	 Reviews	 of	 more	 restricted	 types	 and	 coverage	 of	 models	
include	 the	 following:	 Bjørndal	 et	al.,	 (2004),	 which	 also	 includes	
aquaculture;	 the	 review	 conducted	 by	 the	 Scientific,	 Technical	 and	
Economic	 Committee	 for	 Fisheries	 (STECF)	 of	 the	 European	 Union	
(SEC,	2006);	and	the	review	of	regional	economic	models	for	fisheries	











Bastardie,	Nielsen,	&	Miethe,	 2014;	Bastardie,	Nielsen,	 et	al.,	 2015;	
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We	 conduct	 a	 global	 comparative	 review	 and	 evaluation	 of	 35	
IEEFMs	 to	 provide	 potential	 users	 an	 overview	 of	 when	 and	 how	
IEEFMs	 can	 be	 and	 have	 been	 used	worldwide	 and	 to	 identify	 the	
characteristics	that	determine	their	usefulness,	effectiveness	and	im-
plementation	 in	fisheries	advice.	The	review	evaluates	model	design	
choices	 such	 as	 scope,	 spatial	 and	 temporal	 dimensions	 and	 scales,	
functions	and	processes	included,	level	of	complexity	and	realism,	the	
ability	 to	model	 uncertainty	 and	 stochastic	 process	 impact,	 and	 the	
type	and	robustness	of	advice	that	can	be	provided	as	well	as	the	data	
and	 expertise	 needed	 to	 develop	 and	 parameterize	 IEEFMs.	Model	





The	 review	 covers	 selected	 IEEFMs	 representing	 a	 range	of	 ap-
proaches	 and	 perspectives	 rather	 than	 providing	 a	 comprehensive	
analysis	of	all	existing	models	worldwide.	The	review	serves	to	iden-





that	 modellers	 face	 inevitable	 trade-	offs	 between	 complexity	 and	
comprehensiveness,	flexibility	and	user-	friendliness.	Those	trade-	offs	




to	determine	 the	model	characteristics	 that	best	 suit	 their	 intended	
implementation,	 uses	 and	 how	 to	 more	 effectively	 communicate	
model	results	to	ensure	uptake	in	management	advice	and	decisions.

































ment	are	published	 in	a	comprehensive	scientific	 literature	given	 in	
Table 2.
2.2 | Meta- analysis of bio- economic models
We	use	three	model	meta-	analysis	tools	to	compare	the	IEEFMs	on	a	
global	scale	according	to	model	type,	purpose,	coverage,	dimensions,	















In	 drawing	 conclusions	 about	 the	 effectiveness	 of	 models	 and	
trade-	offs	faced	by	modellers,	we	also	relied	on	discussions	at	work-
shops,	working	 groups	 and	 special	 sessions	 organized	 at	 three	 sci-






01Apr2017;	e.g.	 ICES	2015a).	The	 first	 two	conference	 special	 ses-
sions	were	special	sessions	of	the	International	Institute	for	Fisheries	
Economics	 and	 Trade	 (IIFET)	 held	 in	 Dar	 es	 Salaam,	 Tanzania	 and	
Brisbane,	Australia,	in	2012	and	2014,	respectively	(Nielsen,	Schmidt,	
et	al.,	 2014;	 Thébaud	 et	al.,	 2013;	 Thunberg,	 Holland,	 Nielsen,	 &	
Schmidt,	2013).	The	last	was	a	theme	session	held	at	the	ICES	Annual	
Science	Conference	in	Copenhagen,	Denmark,	in	2015	(ICES	2015b;	
     |  5NIELSEN Et aL.
Nielsen,	 Thunberg,	 Schmidt,	 Holland	 et	al.,	 2015;	 Nielsen,	 Schmidt,	
Thunberg,	Holland	 2015)	 in	which	 the	meta-	analysis	 of	 the	models	
was	presented,	evaluated	and	discussed.
The	models	 evaluated	 cover	 a	 broad	 range	 of	 IEEFMs	 covering	
	aspects	of	commercial	marine	fisheries	and	associated	fish	stocks	and	
ecosystems.	A	very	broad	group	of	model	developers	of	the		different	
types	 of	 integrated	 ecological–economic	 marine	 models	 were	 con-
tacted	through	the	ICES	WGIMM	Working	Groups	and	IIFET	Special	
Sessions	 to	 complete	 this	work.	 All	 model	 developers	 filling	 in	 the	
meta-	analysis	 tools	 were	 directly	 involved	 in	 the	 review.	 Many	 of	
the	modellers	also	attended	one	or	more	of	the	workshops,	working	
groups	 or	 conference	 sessions	 in	which	 the	 models	 and	 the	 meta-	




analysis	 that	 are	 not	 readily	 apparent	 just	 from	 comparing	 model	
characteristics.
2.3 | Model Characteristics and Performance 
Evaluation Matrices
The	 Model	 Characteristics	 and	 Performance	 Evaluation	 Matrices	
given	 in	 SM	 Table	 S1	 compile	 collective	 experience	 with	 and	 col-
lective	 consensus	on	 the	models	 as	 given	by	 the	model	 developers	
including	feedback	to	the	developers	from	users	during	the	model	de-
velopment	 and	model	 implementation	processes.	A	 full	 compilation	
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the	 Supplementary	Material	 Table	 S1	 including	 the	 explanations	 of	
the	categories	herein.	The	Model	Evaluation	Matrix	summarizes	the	
following	model	characteristics:	(i)	management	questions	the	model	
addressed	 or	 can	 address;	 (ii)	 corresponding	 advice	 (biological	 and	
economic)	the	model	provides;	(iii)	institutional	set-	up	and	platforms	










2.4 | Model Categorization and Descriptors 
Summary Table
Each	of	the	above	bullets	is	used	as	an	axis	(row	or	column)	in	a	mul-
tidimensional	 diagram—the	 Model	 Categorization	 and	 Descriptors	
Summary	 Table	 shown	 in	 SM	 Table	 S2,	 which	 has	 been	 filled	 in	







with	 fish	 stock	 assessment),	 (ii)	 assessment	of	 outcomes	of	 existing	
TAC	or	TAE	(short	term),	(iii)	management	strategy	evaluation	(medium	
term,	 long	 term),	 (iv)	 strategic	 long-	term	advice	and	 (v)	broader	bio-	
economic	advice	(medium-	long	term).	The	secondary-	level	descriptors	
in	the	columns	of	the	table	is	categorized	into	three	major	model	de-
scriptors	 covering	 (i)	model	 dimensions	 and	 structure/resolution,	 (ii)	
model	complexity	and	flexibility	and	(iii)	model	type	(see	further	de-
scriptions	and	detailing	of	this	in	the	Table	S2).







is	a	 row	for	each	model	and	with	 the	columns	 indicating	the	model	
characteristics	according	to	the	primary	use	and	types	of	use,	as	well	
F IGURE  1 Overview	of	main	model	applications	and	implementation
     |  7NIELSEN Et aL.
TABLE  2 Dissemination	and	publication	of	evaluated	models





























































including:	 whether	 it	 is	 used	 to	 evaluate	 data	 needs	 (e.g.	 specific	
types	of	data	or	specific	data	collection	programs);	whether	it	has	a	
single-	stock,	multispecies,	mixed	 fishery	 or	 ecosystem	 orientation;	
and	whether	it	provides	economic	and	social	advice	(main	coverage	
of	use).	Several	models	do	 include	some	social	parameters	such	as	
employment	 and	 distribution	 of	 impacts	 across	 fishing	 fleets	 and	
among	vessel	owners	and	crew.	Most	models	include	only	economic	




to	 parameters	 affecting	 fishing	 trip	 duration	 or	 fishing	 effort	 allo-
cation.	The	matrix	 table	 specifies	what	 governance	body	 and	 level	
each	model	are	meant	to	provide	advice	to	 (e.g.	a	specific	country,	












model	developers	or	 is	open	access	and	user	 friendly.	 In	 the	Table	
S3,	further	details	and	descriptions	of	the	different	categories	in	the	
matrix	table	are	provided.
2.6 | Spider web charts with frequency 
classification of the models
A	set	of	semi-	quantitative	spider	web	plots	(Figures	2–7)	is	produced	
based	on	the	compiled	model	summary	and	descriptor	tables.	Here,	
each	of	 the	 rows	or	 columns	 in	 the	 summary	 tables	 is	depicted	 in	
spider	web	plots	 in	which	 the	 frequency	of	models	belonging	 to	a	
certain	 category	 with	 respect	 to	 model	 properties,	 characteristics	
or	type	of	model	can	be	summarized	according	to	criteria	used	for	
evaluating	the	models.	The	frequency	plots	are	used	to	compare	the	
focus	 and	 capability	of	 the	different	models	 and	what	main	direc-
tions	of	development	the	different	models	represent.	For	example,	
the	 figures	 summarize	 the	 findings	 in	 terms	 of	 the	 level	 of	 imple-
mentation	of	the	models	according	to	the	purpose	of	the	models,	for	
example	whether	 it	 is	 for	academic	purposes,	application	 in	advice	
and	management,	and	whether	the	model	is	fully	developed	and	in-
tegrated	or	not.
































information	 on	 capabilities,	 model	 structure,	 trade-	offs	 and	model	
uses.	Throughout	it	is	important	to	keep	in	mind	that	the	evaluations	
of	 model	 characteristics	 are	 primarily	 based	 on	 self-	assessments	




tion	of	model	 implementation	 is	shown	 in	Figure	1.	Several	 	models	
have	 been	 widely	 implemented,	 for	 example	 Atlantis	 and	 EwE,	
and	only	a	 few	examples	of	specific	 implementations	are	shown	 in	
Figure	1.	Some	of	the	35	models	analysed	are	included	with	several	
implementations	and	similar	models	have	been	clustered	(Tables	1–
2)	 resulting	 in	 32	 categories	 in	 the	 model	 meta-	analysis	 plots	 in	
Figures	2-8.	 The	 order	 and	 sequence	 of	 the	models	 in	 Tables	1–2	
and	accordingly	 in	 the	Figures	2–8	was	determined	by	 type	of	 ad-




stock	 economic,	 multispecies	 economic,	 multispecies	 ecosystem/
economic;	Figure	2	Panel	4).
Figure	2	reports	the	range	of	capabilities	in	terms	of	type	of	man-














































1 = Short-term advice
2 = Medium- term MSE



















































































1 = Data collec on
2 = Single stock
3 = Multispecies










































1 = Single/multispecies only
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to	provide	short-	term	advice	on	TACs	or	impacts,	and	the	outer	ring	
represents	models	 that	 are	designed	 to	provide	 long-	term	strategic	
advice.	For	any	given	model,	the	range	of	capabilities	can	be	traced	
along	 the	 ray	 emanating	 from	 the	origin	 to	 the	model	 abbreviation	
where	a	marker	on	each	ring	denotes	 the	presence	of	each	capability	











































2 = Single Métier











































3 = Stock area
4 = Stock subareas
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long-	term	 strategic	 advice	 (3).	 For	 example,	 15	models	 include	 the	
capability	to	provide	short-	term,	medium-	term	MSE	and	longer-	term	
strategic	advice.	By	contrast,	MAQ-	ADJ	and	GEM	are	designed	only	














































1 = Catch sector
















































































1 = Market values
2 = Value chain
























































































































3  = Fish prices
4 =  Harvest costs
Panel  6
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Panel	 2	 of	 Figure	2	 shows	 structural	 components	 of	 the	model	






all	 four	 levels.	Another	 three	models	provide	advice	on	three	 	le	vels,	
while	eight	provide	both	TAC-	quota	and	effort-	based	advice,	but	no	
advice	 relevant	 to	 individual	 effort	 or	 catch	 quotas.	 In	 total,	 three	











true.	 In	 total,	 28	models	 include	multispecies,	25	 include	mixed	 fish-	 
eries,	 34	 include	 bio-	economic	 functions	 or	 parameters,	 and	 nine	
include	ecosystem	considerations.	All	nine	models	 that	 include	eco-
systems	also	 include	mixed	fisheries,	bio-	economic	and	multispecies	
structural	 components	except	 for	one	not	 including	mixed	 fisheries.	
The	Atlantis	model	does	include	the	capacity	to	cover	individual	spe-
cies	 and	 to	 have	 that	 in	 a	 food	web	with	 functional	 groups	 (either	
age	 or	 size	 	resolved	 or	 biomass	 pools).	The	ECO2	 has	 the	 potential	
to		formulate	simple	biological	models	at	present	up	to	full	ecosystem	
models	 in	 	future.	The	 term	multispecies	 here	 should	 in	most	 cases	
(except	for	the	below	mentioned)	be	interpreted	as	multistock	where	
several	 species	 single-	stock	 assessments	 have	 been	 included.	 Only	
very	 few	 models	 include	 dynamic	 full	 feedback	 biological/trophic	











































2 = Specialized expertise















































































1 = Software requirement








































1 = Simple/Low data
2 = Simple/High data
3 = Complex/High data
Panel 4
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1 = Report only
2 = Peer-reviewed
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the	 position	 of	 each	model	 on	 the	 concentric	 circles	 is	 interpreted	
as	 the	 level	of	structural	 linkage	where	a	score	of	1	means	that	 the	
model	only	includes	single	or	multiple	species;	the	model	has	neither	
bio-	economic	nor	ecosystem	linkages.	A	score	of	2	denotes	a	single-	












certained	 along	 the	 ray	 from	 the	 origin	 to	 the	model	 abbreviation.	































IOT	 and	 GEM)	 also	 include	 size-	based	 biological	 considerations.	 It	
should	be	noted	that	certain	ecosystem	models	such	as	the	Atlantis	
model	has	emergent	size-	at-	age,	that	is	not	a	fixed	growth	curve,	so	
it	 also	 takes	 size-	based	 interactions	 into	 account	 (e.g.	 through	gape	
limitation	and	size	constrained	reproduction).	Whether	age-	based	or	
size-	based,	most	 of	 these	models	 are	 scalable	 up	 to	 an	 estimate	of	




production	models,	 for	 example	 of	 the	 Schaeffer	 or	 Cobb–Douglas	
type,	based	solely	on	biomass.
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less	 than	 an	 annual	 time	 step)	 (1),	 a	 year	 (2)	 or	 multiyear	 (3)	 time	
















The	 majority	 of	 models	 (26)	 incorporate	 dynamic	 processes	 while	 3	
(MSPM,	STOCH	HCR	and	FISHRENT	IFRO)	also	incorporate	processes	





duce	model	outputs.	A	marker	on	 the	 inner	 ring	 (1)	means	 that	 the	
model	uses	a	 simulation	algorithm.	A	marker	on	 the	 second	 ring	 (2)	
denotes	models	 that	 are	based	on	an	optimization	 algorithm,	 and	a	




Figure	4	 reports	 additional	 model	 characteristics	 of	 the	 IEEFMs	
with	focus	on	economic	characteristics	and	sector	coverage.
Panel	 1	 of	 Figure	4	 explores	 fishing	 sector	 components	 in	 the	
model	coverage	categorized	 into	catch	sector	 (1),	 fishery	system	 in-
cluding	processing	and	distribution	 (2),	 societal	communities	 (3)	and	
multiple	sectors	of	a	local	or	regional	economy	(4).	All	models	address	
the	catch	sector	and	of	those	21	also	address	the	wider	fishery	system	
and	8	 also	 address	 communities.	Only	 two	models	 (GBFWCGE	and	
SS-	DBEM-	IOT)	cover	multiple	sectors.
Panel	 2	 of	 Figure	4	 evaluates	 the	 estimation	 of	 model	 parame-
ters	 covering	 qualitative	 indicators	 (1),	 deterministic	 parameters	 (2)	
or	stochastic	(3).	Most	models	(25)	include	deterministic	parameters,	
while	12	of	the	25	also	include	stochastic	parameter	estimation.	A	few	
models	 include	both	qualitative	 indicators	and	 stochastic	parameter	
estimation	 (3)	 or	 deterministic	 parameters	 (1)	 while	 only	 five	 mo-







Panel	4	of	Figure	4	explores	 the	 type	of	 embedded	 interactions	
covering	linear	(1),	nonlinear	(2)	or	both	(3).	Most	models	(23)	include	






Only	 four	models	 include	 only	 strategic	 behaviour,	 and	 five	models	
have	 no	 behavioural	module	 included	 (Crab	ABC,	MSPM,	 SRRMCF,	
NPF	BIOECON	and	FCUBE).
Panel	 6	 of	 Figure	4	 explores	 some	 basic	 functions	 included	 in	
the	models	in	relation	to	recruitment	(1),	catchability	(2),	fish	prices	
(3)	 and	 the	 harvest	 costs	 (4).	Most	models	 include	 indicators	 and	
parameters	 for	 recruitment,	 catchability,	 costs	 and	 prices.	 Some	
models	have	those	indicators	included	as	endogenous	relationships,	






for	 this	 study	are	 reported	 in	Figure	5.	Some	of	 these	 trade-	offs	 in-
clude	the	expertise	required	to	conduct	analyses	 (Panel	1),	 range	of	
applications	and	degree	of	specialization	(Panel	2),	accessibility	to	end	
users	 (Panel	3)	 and	 the	 relationship	between	model	 complexity	 and	
data	needs	(Panel	4).
A	marker	in	the	inner	ring	(1)	of	Figure	5,	Panel	1	denotes	models	









Panel	 2	 of	 Figure	5	 reports	 trade-	offs	 along	 a	 continuum	 from	
specialized	 to	 flexible	 in	 terms	 of	 possible	 uses	 and	 management	
applications	 the	 model	 can	 address.	With	 very	 few	 exceptions,	 all	
models	were	self-	assessed	as	being	complex.	For	 this	 reason,	com-
plexity	was	not	included	in	Panel	2	since	doing	so	would	not	provide	




BALTIC	 ECON-	ECOL,	 NPFTPBEM,	 SS-	DBEM-	IOT,	 MEFISTO	 and	
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lie	on	the	outer	ring	(3),	which	denotes	models	that	may	be	applied	
in	a	wide	 range	of	 fisheries	and/or	 to	address	many	different	man-
agement	issues.
















By	 far,	 the	 majority	 of	 models	 are	 highly	 complex	 with	 high	 data	
needs	 (23),	while	 two	are	 in	 the	 second	category	and	 seven	 in	 the	
first	category.
An	 important	 consideration	 in	 the	 present	 model	 evaluation	 is	












Panel	 1	 of	 Figure	6	 provides	 an	 ordinal	 rating	 of	 each	model	 in	




ISIS-	FISH,	 ELFSIM,	 NPFTPBEM,	 FLBEIA,	 FCUBE,	 SEAUS	 ATL,	 SS-	
DBEM-	IOT	and	the	EwE	applications	(in	total	13).	By	contrast,	mod-
els	that	have	not	yet	been	implemented	include	CRAB	ACID,	BALTIC	
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Our	 aim	 is	 to	 help	managers	 and	 scientists	 better	 understand	 how	
and	why	the	characteristics	of	IEEFMs	vary	so	much,	what	trade-	offs	
modellers	 face,	 and	 what	 they	 have	 learned	 from	 developing	 and	
communicating	 these	models.	The	documentation	of	 the	character-
istics	 of	 the	 specific	models,	 the	 development	 of	 the	methods	 and	
specific	 tools	 to	evaluate	 and	categorize	model	 characteristics,	 and	












that	 it	 was	 important	 to	 collect	 metadata	 from	 model	 developers	













and	 conference	meetings	 among	 scientists	 of	 different	 fields	 in	 the	
present	evaluation.
4.1  | GENERAL CHARACTERISTICS OF THE 





are	 based	on	more	 generic	modelling	 platforms	 but	 are	 parameter-
ized	for	particular	areas	and	fisheries	and	may	also	focus	on	different	











Most	 models	 were	 classified	 as	 multistock	 (multispecies)	 and	
mixed	fisheries	models	having	modules	that	also	considered	economics	in	 
relation	to	fisheries	(métiers).	Most	of	these	models	are	actually	mul-
tistock	 models,	 that	 is	 considering	 several	 stocks	 in	 a	 mixed	 fish-
eries	 context	 with	 technical	 interactions	 between	 fleets,	 but	 not	
multispecies	 in	 the	 sense	 that	 they	 integrate	biological	 interactions,	
for	 example	 predation,	 between	 the	 different	 fish	 stocks,	 or	 eco-
system	 interactions.	 Only	 a	 few	 IEEFMs	 include	 biological	 interac-
tions,	for	example	actual	fish	multispecies	prey–predator	interactions,	
and/or	 trophic	 dynamics	 and	 interactions	 (the	 Atlantis	 and	 EwE	 
applications,	 SS-	DBEM-	IOT,	 GBFWCGE,	 Baltic-	FLR-	SMS,	 Baltic-	
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tial	 (and	 time)	 resolution.	Modelling	 spatial	 dynamics	 at	 a	 fine	 scale	
not	only	greatly	increases	model	complexity,	but	it	also	requires	data	






Most	models	 are	 age-	based	 or	 both	 age-	 and	 size-	based,	while	
only	 a	 very	 few	 are	 exclusively	 size-	based.	 The	 broader	 ecosystem	
models	 usually	 operate	with	 age	 disaggregation	 for	 the	 vertebrates	
(fish,	 sea	mammals	 and	birds;	 higher	 trophic	 levels),	 but	 not	 for	 the	
invertebrates	and	lower	trophic	levels.	Age-	and	size-	structure	models	









a	 few	were	 static	 models.	Most	 models	 operate	with	 costs,	 prices,	
catchability	and	recruitment	as	exogenous	variables	or	functions.	Only	
a	few	models	include	equilibrium	processes.	About	half	of	the		models	






is	due	 to	 the	 fact	 that	 the	 complexity	of	biological	 interactions	 and	
ecosystem	dynamics	does	not	 lend	 itself	 to	optimization.	Most	eco-
system	and	multispecies	models	are	either	equilibrium	or	simulation	
models	where	different	scenarios	of	different	factors	(climate	change,	
eutrophication	pressure	 levels	and/or	 fishing	pressure	 levels	on	var-
ious	 fish	 species,	 etc.)	 can	 be	 evaluated	 through	 “what	 if”	 scenario	
evaluation.




for	 example	 uncertainty	 from	 a	 distribution	 range	 of	 output	 from	
multiple	simulations,	stochastic	variables,	deterministic	processes	or	
variables	modelled	as	random	processes.	Communicating	uncertainty	
is	 clearly	 important,	but	also	a	major	challenge.	 It	may	 increase	 the	
complexity	 and	 computational	 needs	 of	models	 (e.g.	 requiring	 hun-
dreds	of	stochastic	runs).	Modellers	also	may	lack	information	on	the	
correlation	 of	 stochastic	 processes	 in	 different	 model	 components	
even	when	they	have	good	information	on	variation	of	individual	pro-
cesses.	 Even	when	modellers	 can	 provide	 estimates	 of	 uncertainty,	
users	often	focus	on	the	mean	or	median	results.	 It	can	be	difficult	





and	 informative	 for	 policymakers	 and	 stakeholders	 (i.e.	 industry,	





require	 specialized	 training	 or	 expertise.	 Only	 four	 IEEFM	 	models	
are	 characterized	 as	user	 friendly.	The	majority	of	models	were	de-
veloped	using	open	access	software	but	a	few	have	specific	software	
requirements.	 Most	 IEEFMs	 are	 characterized	 as	 flexible,	 and	 only	
few	of	the	models	are	specialized,	and	very	few	are	considered	to	be	
	simple.	Most	models	have	high	data	needs,	which	adds	to	complexity	
of	 	implementation	 and	 the	 need	 for	 a	 higher	 level	 expertise	 to	 use	
them.	This	 complexity	 and	 lack	of	 user-	friendliness	 almost	 certainly	
limits	 the	use	of	many	models	unless	modellers	 are	able	 to	actively	
engage	 with	 users	 of	 the	 model	 information.	 However,	 developing	
user-	friendly	interfaces	for	models	can	be	costly	and	many	modellers	
do	not	have	those	skills.
Somewhat	 fewer	 than	half	of	 the	 IEEFMs	have	achieved	a	high	







implemented	 in	 single	 jurisdiction	 systems,	 such	 as	 United	 States,	
Canada	or	Australia.	Most	of	 the	 IEEFMs	are	published	 in	 scientific	
peer-	reviewed	 journals;	 however,	 only	 about	 a	 fourth	 of	 the	 mo-
dels	have	frequent	citations.	A	few	models	have	their	own	websites	
that	 are	 frequently	 used	 and	 sometimes	 involve	 model	 download.	




decision,	 and	 they	 have	 been	 picked	 up	 by	 people	 other	 than	 the	
	original	developer.
4.2  | MAIN CONSIDERATIONS, TRADE- 
OFFS AND INSIGHTS GAINED FROM 
DISCUSSIONS OF THE META- ANALYSES 
AT CONFERENCE THEME SESSIONS AND 
WORKING GROUP MEETINGS CONCERNING 
















































to	 stock	 assessment	 models	 and	 may	 need	 to	 incorporate	 techni-
cal	 interactions	 in	 fisheries.	Models	 useful	 for	 strategic	 advice	 need	
to	 consider	 how	 ecological	 and	 economic	 and	 social	 processes	may	
change	 and	 interact	 over	 time,	 but	 these	 processes	may	be	 hard	 to	




ery	 system	will	 react	 to	 changes	 in	 the	environment	over	 time.	This	
orientation	towards	tactical	vs.	strategic	advice	is	particularly	relevant	





effort	allocation).	Generally,	 the	 former	 is	most	useful	 for	models	 to	
be	used	for	tactical	advice,	while	models	aimed	at	providing	strategic	
advice	and	long-	term	insights	may	also	take	the	latter	approaches.	The	




















ment	 in	 relation	 to	 spawning	or	 feeding	 areas)	which	will	 bias	 their	
output.	On	the	other	hand,	boundaries	must	be	drawn	at	some	point	
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The	uptake	and	use	of	models	may	depend	on	how	flexible	they	
are.	While	models	built	from	scratch	tailored	to	specific	purposes	may	
provide	more	 accurate	 answers	 to	 the	 specific	 questions	 they	were	














4.3  | GLOBAL EXPERIENCES IN 
IMPLEMENTATION AND USE OF IEEFMS—
ADDITIONAL INSIGHTS FROM THE 










the	 implementation	 of	 the	models	 (Smith	 et	al.,	 1999,	 2001,	 2014;	
Sainsbury	et	al.,	2000;	Rayns	2007).	Such	a	system	requires	 the	es-
tablishment	of	appropriate	facilitating	legislation	and	comanagement	
bodies	 which	 can	 be	 a	 long	 process	 (5–10	 years).	 Importantly,	 the	
comanagement	structure	or	adaptive	management	process	needs	to	
be	cross-	sector	involving	a	number	of	parties,	including,	conservation	
and	 recreational	 fishery	 sectors	 along	with	 the	 commercial.	 Such	 a	
long-	term,	cross-	sectoral	view	has	been	taken	in	the	contested	envi-
ronment	on	the	Great	Barrier	Reef	(Mapstone	et	al.,	2008).
Effectively	 using	 IEEFMs	 to	 provide	 management	 advice	 can	
be	 enhanced	 by	 simulation	 tests	 of	 management	 plans	 to	 evaluate	
	trade-	offs	 and	 robustness	 to	 uncertainty,	 and	 it	 is	 important	 to	 in-
volve	stakeholders	in	this	process.	In	Australia,	formal	methods	of	the	
	management	 strategy	 evaluation	 have	 been	 used	 to	 assess	 impacts	
of	alternative	sets	of	measures	aimed	 to	meet	a	variety	of	manage-
ment	 goals	 (Fulton	 et	al.,	 2014).	 Involving	 stakeholders	 directly	 in	
management	and/or	advice	is	important	because	it	creates	incentives	
for	 	involvement	 in	 advance	 and	drives	 the	need	 for	 adequate	man-
agement	 strategy	evaluation	 tools	 to	address	complex	questions	 in-
volving	many	stakeholders	and	both	ecological	and	economic	aspects	
of	 management	 and	 advice.	 Thus,	 it	 is	 important	 that	 governance	
	structures	 are	 in	place	 for	establishing	processes	 that	enable	 stake-





decisions	 such	 as	 set	TACs	 each	year?	 For	 example,	while	manage-
ment	 of	 fisheries	 in	 Australia	 is	 supported	 through	 the	 application	
of	 bio-	economic	 models,	 these	 play	 virtually	 no	 role	 in	 fisheries	
management	 in	New	Zealand	 (Pascoe	et	al.,	2016).	This	discrepancy	









perhaps	social	 factors	 into	 integrated	models	 that	can	 identify	what	
MEY	is	and	how	it	can	be	achieved.
When	 integrating	 models	 into	 comanagement	 structures	 and	
processes,	 model	 flexibility,	 transparency,	 portability,	 build-	up	 time,	




















trust	 in	 the	management	 institutions	or	processes	or	 a	 lack	of	 trust	
between	 different	 stakeholders;	 in	 this	 case,	 integrated	models	will	
not	evolve	and	not	be	used.	 It	takes	a	 long	time	to	build	up	trust	 in	
the	management	structures	and	between	the	user	groups	in	order	to	
cooperate	on	 IEEFM	approaches.	 In	 a	 review	on	 implementation	of	
ecosystem	models,	Hyder	et	al.,	 (2015)	conclude	that	 it	 is	necessary	
to	establish	a	stronger	link	to	social	and	economic	systems	to	increase	
the	 range	 of	 policy-	related	 questions	 that	 the	models	 can	 address,	
and	 it	 is	 also	 important	 to	 improve	 communication	 between	 policy	









all	 EU	waters	 for	 the	 importance	of	 accounting	 for	 the	dynamics	of	















these	 advisory	 demands	 according	 to	 the	 management	 types	 used	
in	 ICES	 context.	Also,	 relevant	model	 developer	 expertise	 exists	 on	











tems	with	 limited	 and	 imprecise	 knowledge.	 IEEFMs	 are	 playing	 an	











when	 attempting	 to	 limit	 complexity	 to	make	models	more	 tractable	
and	easier	for	managers	and	stakeholders	to	use.	Our	review	suggests	
that	modellers	are	sometimes	reticent	to	make	these	trade-	offs.	Many	
of	 the	models	 reviewed	 are	 extremely	 complex	 and	 are	 designed	 to	
provide	both	 short-	term	 tactical	 and	 long-	term	 strategic	 advice	on	 a	
range	of	management	decisions.	Many	attempt	to	model	multiple	spe-
cies,	 sometimes	with	 both	 technical	 and	 ecological	 interactions.	This	
complexity	may	often	be	justified,	but	it	places	much	greater	demands	
on	 the	 modellers	 and	 the	 managers	 to	 use	 the	 models	 effectively.	






built	 into	 the	 governance	 process.	 It	may	 also	 take	 time	 to	 develop	





that	 support	 development	 of	 models	with	 good	 documentation	 and	
user-	friendly,	 open-	source	 platforms	 that	 enable	 replicability	 and	
continuing	development	and	adaptation	of	the	models.
This	 article	 is	 a	 step	 towards	 developing	 methods	 and	 specific	
tools	to	evaluate	model	characteristics	and	applying	a	categorization	
system	for	these	complex	models.	Future	studies	should	standardize	
and	detail	 those	 tools	more,	 for	 example	 by	 quantifying	 and	detail-
ing	further	the	ranges	of	the	different	categorizations	in	the	classes,	
for	example	 level	of	 implementation	and	the	 time	ranges	 for	short-	,	
medium-	or	long-	term	management	advice.	The	evaluation,	discussion	
and	feedback	on	the	meta-	analysis	conducted	in	the	working	group,	
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